A taxonomic study was carried out on a Gram-staining-negative bacterium, strain SF-12 T , isolated from an unidentified starfish living in Sanya, PR China. Cells of SF-12
The genus Lutimaribacter, part of the class Rhodobacterales, was proposed by Yoon et al. (2009) with the description of Lutimaribacter saemankumensis. Subsequently, two further species of the genus Lutimaribacter, Lutimaribacter pacificus (Yoon et al., 2009) and Lutimaribacter litoralis (Iwaki et al., 2013) , have been described. Until now, the type stains of all species of the genus Lutimaribacter have been isolated from marine environments, including tidal flat sediment of the Yellow Sea, sediment from the Pacific Ocean and seawater from the coastal region of the Goto Islands (Yoon et al., 2009; Yuan et al., 2009; Iwaki et al., 2013) . However, few strains have been isolated and identified from starfish. In this study, we report a novel strain, designated T , isolated from an unidentified starfish during the investigation of endogenous microorganisms in starfish living in Sanya, South China Sea (18 22¢ N, 109 45¢ E) . The aim of the present work was to investigate the possibility that T represents a novel species of the genus Lutimaribacter by performing a polyphasic taxonomic study. Here we describe phenotypic and chemotaxonomic properties of T and a detailed phylogenetic investigation based on 16S rRNA gene sequences.
The starfish contents were ground and subjected to the standard dilution-to-extinction plating method using Imogen's medium [containing (per litre) 75 % seawater, 4 g beef extract, 4 g peptone, 1 g yeast, 10 g glucose, pH 6.5-7.0]. †These authors contributed equally to this work.
The GenBank accession number of the 16S rRNA gene of strain T is KT944033. Dilutions were spread on Imogen's medium and incubated at 28 C for 2 weeks. SF-12 T appeared as translucent colonies, it was purified by repeated streaking on the same plates. Purity was confirmed by the uniformity of colony morphology and microscopic examination. Taxonomic investigations were carried out according to published guidelines and minimal standards (Tindall et al., 2010) . The type strains of species from the genus Cribrihabitans, Cribrihabitans marinus CZ-AM5
T (Chen et al., 2014) , and Cribrihabitans neustonicus CC-AMHB-3 T (Hameed et al., 2014) , and the genus Lutimaribacter, L. pacificus W11-2B T (Yuan et al., 2009) (Yoon et al., 2009) , were used as reference strains for direct comparative analysis. All strains were cultured on marine agar 2216 medium (MA; Difco) or in marine broth 2216 medium (MB; Difco) for 48 h at 30 C, unless otherwise specified.
Cell biomass of SF-12 T for DNA extraction and for the analyses of respiratory quinones and polar lipids was obtained by cultivation in Imogen's medium at 28 C. The genomic DNA of T was extracted using the AxyPrep Bacterial Genomic DNA Miniprep Kit (Axygen Biosciences) according to the manufacturer's instructions. The 16S rRNA gene was amplified by PCR with universal primers 27F and 1492R. It was cloned into a T-vector (TransGen) and sequenced by Sangon Biotech (Shanghai, PR China). Sequence similarity search was performed using GenBank (http://www.ncbi.nlm.nih.gov/blast/) and the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon) (Kim et al., 2012) . Sequences of related taxa were obtained from the GenBank database. Phylogenetic analysis was performed using MEGA version 5.0 (Tamura et al., 2011) with distance options according to the Kimura two-parameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992) T (95.92 %) and other species of the family Rhodobacteraceae (<95.9 %). In the neighbour-joining phylogenetic tree, T formed a lineage with the members of the genus Lutimaribacter in the tree, but within different branches (Fig. 1) . This topology was also obtained in the maximum-likelihood tree and the minimum-evolution tree (Figs S1 and S2, available in the online Supplementary Material). These phylogenetic data indicated that SF-12
T did not represent a member of any known species and may represent a novel species of the genus Lutimaribacter. As a result, the taxonomic status of T was further investigated by using five authentic type strains of species of the genera Lutimaribacter and Cribrihabitans as reference strains.
Colonies of SF-12
T were examined for morphological features such as colony appearance, size, shape, texture and pigmentation. Gram staining of cells was performed using a Gram staining kit (Guangdong Huankai Microbial Science and Technology). The cell size, morphology and flagellation pattern were observed by transmission electron microscopy (FEI Tecnai G2F20, FEI) after cells were negatively stained with phosphotungstic acid. Cultures were grown on MA at 28 C for 24 h prior to staining.
The cell motility and growth under anaerobic conditions were tested using bacteria stick culture experiments according to Dong & Cai (2001) . The growth temperature was tested at various temperatures (4, 15, 20, 25, 28, 30, 35, 37, 38, 39, 41 and 45 C) in MB. The pH range for growth was determined in MB adjusted to pH 3.0-11.0 (at increments of 0.5 pH units) with citrate/phosphate (50 mM, pH 3.0-7.0), Tris/HCl (50 mM, pH 7.5-8.5), or glycine/sodium hydroxide (50 mM, pH 9.0-11.0) buffers. Tolerance of cells to NaCl was studied in 2216E medium (simplified ZoBell 2216E medium, containing, per litre of seawater, 5.0 g tryptone, 1.0 g yeast extract, and 15.0 g agar, pH was adjusted to 7.5) supplemented with a NaCl concentration of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15 or 18 % (w/v).
The colonies of SF-12
T were approximately 1 mm in diameter, circular, smooth and translucent after incubation on Imogen's medium for 72 h. SF-12
T was heterotrophic, facultatively anaerobic, oxidase-and catalase-positive. Cells were Gram-staining-negative, non-spore-forming rods, 0.5-0.8 µm wide and 2.2-2.5 µm long, and motile by means of one flagellum or two polar flagella (Fig. S3) . T grew at 15-38 C, at pH 6.5-8.5 and in the presence of 2.0-7.0 % (w/v) NaCl, with optimal growth at 30 C, pH 7.0 and 3.0-4.0 % (w/v) NaCl, respectively. No growth was observed at temperatures below 15 or over 38 C or pH values less than 6.5 or over 8.5. Additional features that distinguish the novel strain from the reference strains are given in Table 1 and Figs S4-S6.
The following phenotypic tests were carried out on all six strains. Antibiotic susceptibility tests were performed using the disc-diffusion method as described previously (Shieh et al., 2003) . Tests using API 20NE, API 20E and API ZYM strips (bioM erieux) were carried out according to the manufacturers' instructions. The presence of oxidase and catalase were demonstrated by the oxidation of 1 % (w/v) N,N, N¢,N¢-tetramethyl-1,4-phenylenediamine and by bubble production in 10 % (v/v) aqueous hydrogen peroxide solution, respectively. Oxidation of carbon sources was tested using GN2 Microplates (Biolog) according to the manufacturers' instructions. T showed positive reactions to Tween 40 and Tween 80, and weakly positive reactions to acetic acid and b-hydroxy butyric acid (Table S1 ). For cellular fatty acid analysis, cells of six strains were harvested from MA plates after cultivation for 3 days at 28 C. The fatty acids were extracted and fatty acid methyl esters were prepared according to the protocol described by K€ ampfer & Kroppenstedt (1996) and analyzed by gas chromatography (model 6850, Agilent Technologies). Peaks were automatically integrated, and fatty acid names and percentages were identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The fatty acid profiles of strains are summarized in Table 2 .
The major (>5 % of the total) fatty acids of SF-12 T were C 18 : 1 !7c and/or C 18 : 1 !6c (combined as summed feature 8, 71.2 %), 11-methyl C 18 : 1 !7c (6.4 %), C 16 : 0 2-OH (5.6 %) and C 12 : 0 3-OH (5.4 %). The fatty acid profile of SF-12 T was essentially similar to those of the reference strains
Maritimibacter alkaliphilus HTCC2654 T (AAMT01000002)
Oceanicola granulosus HTCC2516 T (AAOT01000056)
Maribius salinus CL-SP27 T (AY906863)
Celeribacter neptunius H 14 T (FJ535354)
Pseudoruegeria aquimaris SW-255 T (DQ675021)
Thioclava pacifica DSM 10166 T (AUND01000024)
Tropicimonas sediminicola M97 T (JF748735)
Aestuariihabitans beolgyonensis BB-MW15 T (KC577450)
Aquimixticola soesokkakensis DSSK2-3 T (KJ794108)
Roseovarius halotolerans HJ50 T (EU431217)
Youngimonas vesicularis CC-AMW-E T (KC169815)
Aestuariivita boseongensis BS-B2 T (KF977838)
Primorskyibacter sedentarius KMM 9018 T (AB550558)
Shimia isoporae SW6 T (FJ976449)
Leisingera methylohalidivorans DSM 14336 T (CP006773)
Phaeobacter gallaeciensis DSM 26640 T (CP006966)
Ruegeria lacuscaerulensis ITI-1157 T (ACNX01000031)
Salinihabitans flavidus ISL-46 T (FJ265707)

Sediminimonas qiaohouensis DSM 21189 T (AUIJ01000020)
Salipiger mucosus DSM 16094 T (ARRM01000007)
Thiobacimonas profunda JLT2016 T (JX397932)
Poseidonocella pacifica KMM 9010 T (AB576005)
Citreimonas salinaria CL-SP20 T (AY962295)
Cribrihabitans marinus CZ-AM5 T (JX306766)
Cribrihabitans neustonicus CC-AMHB-3 T (KF582605)
Lutimaribacter marinistellae SF-12 T (KT944033)
Lutimaribacter litoralis KU5D5 T (AB627076)
Lutimaribacter pacificus W11-2B T (DQ659449)
Lutimaribacter saemankumensis SMK-117 T (EU336981)
Paracoccus carotinifaciens E-396 T (AB006899)
Jhaorihella thermophila CC-MHSW-1 T (EU287912) 'Piezobacter thermophilus' 108 (AB468958)
Oceanibaculum indicum P24 T (EU656113) except for the content of some fatty acids (Table 2 ). It appears that fatty acids are not a suitable marker for distinguishing the species of the family Rhodobacteraceae.
Analysis of the respiratory quinone was carried out by the Identification Service of the DSMZ (Braunschweig, Germany). Briefly, isoprenoid quinones were extracted according to the method proposed by Collins & Jones (1981a) . Then the isoprenoid quinone extracts were purified by one-dimensional TLC on a silica gel 60 F 254 plate (Merck) and analysed by reversed-phase HPLC (Collins & Jones, 1981b ) using a reversed-phase hydrosphere C18 column (150Â2.0 mm; YMC). The major respiratory quinone (Chen et al., 2014) ; 6, C. neustonicus CC-AMHB-3 T (Hameed et al., 2014) . All data on strain SF-12 T are from this study. W, Weakly positive; +, positive; À, negative. Hameed et al. (2014) , other data are from this study and strains were tested simultaneously. †AL, Unidentified aminolipid; DPG, diphosphatidylglycerol; GL, unidentified glycolipid; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PL, unidentified phospholipid; L, unknown lipid.
in the isolate was ubiquinone 10 (Q-10), which is also the main quinone of the other three species of the genus Lutimaribacter with validly published names, L. pacificus W11-2B T (Yuan et al., 2009) , L. litoralis KU5D5 T (Iwaki et al., 2013) , and L. saemankumensis SMK-117 T (Yoon et al., 2009) (Table 1) , This evidence further supports the affiliation of T to the genus Lutimaribacter.
Polar lipids were extracted using a chloroform-methanol system and analyzed using one-and two-dimensional TLC (Fig. S4) , as describe by Embley & Wait (1994) . Aluminiumbacked thin-layer plates (silica gel 60 F 254 , Merck) were used in TLC analysis. The plates dotted with samples were subjected to two-dimensional development, with a first solvent of chloroform-methanol-water (65 : 25 : 4, v/v) followed by second solvent of chloroform-methanol-acetic acid-water (85 : 12 : 15 : 4, v/v) . SF-12 T was found to contain diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, three unknown aminolipids and seven unknown phospholipids. For determination of the DNA G+C content, DNA of SF-12
T was subjected to thermal denaturation followed by enzymatic digestion into nucleosides as described by Mesbah et al. (1989) . The resultant nucleoside mixture was separated and quantified by reversed-phase HPLC with minor modifications as described by Shahina et al. (2013) . The DNA G+C content of T was 61 mol%.
Thus, based on genetic, phylogenetic, chemotaxonomic and phenotypic characteristics, SF-12 T represents a novel species of the family Rhodobacteraceae of the genus Lutimaribacter, for which the name Lutimaribacter marinistellae sp. nov. is proposed.
Description of Lutimaribacter marinistellae sp. nov.
Lutimaribacter marinistellae (ma.ri.ni.stel¢lae. L. adj, marinus from the sea; L. fem. n. stella star; N.L. gen. n. marinistellae of a sea star).
Cells are Gram-staining-negative, non-spore-forming, rodshaped (about 0.5-0.8 µm wide and 2.2-2.5 µm long). flagellated and motile. Facultatively anaerobic and heterotrophic. Oxidase-and catalase-positive. Growth occurs at 15-38 C (optimum, 30 C), at pH 6.5-8.5 (optimum, pH 7.0) and in the presence of 2.0-7.0 % (w/v) NaCl (optimum, 3.0-4.0 %). Colonies on Imogen's medium are approximately 1 mm in diameter, circular, smooth, convex, translucent and cream in colour after incubation for 72 h. Q-10 is the sole quinone. The major cellular fatty acids are C 18 : 1 !7c and/or C 18 : 1 !6c (summed feature 8; 71.2 %). Acetoin is weakly produced and the species is arginine dihydrolase-positive. Hydrolyses Tween 40 and Tween 80. In the API 20 NE system, positive for nitrate reduction and negative for indole production, glucose fermentation and hydrolysis of aesculin, urea and gelatin. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine aminopeptidase, valine aminopeptidase, cystine aminopeptidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present; trypsin, a-chymotrypsin, agalactosidase, b-galactosidase, glucosaminidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. In the GN2 Biolog MicroPlate, T showed positive reactions to Tween 40 and Tween 80, and weakly positive (Chen et al., 2014) ; 6, C. neustonicus CC-AMHB-3 T (Hameed et al., 2014) . Values are percentages of total fatty acids. TR trace amount (<0.1 %); À, not detected. All of the data are from this study and strains were tested simultaneously. reactions to acetic acid and b-hydroxybutyric acid. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, an unknown aminolipid, and seven unknown phospholipids.
The type strain, SF-12 T   (=MCCC 1K01154  T =KCTC  42911 T ), was isolated from a unidentified starfish in Sanya, China. The DNA G+C content of the type strain is 61 mol%. The GenBank accession number for the 16S rRNA gene sequence of the type strain is KT944033.
